Background and aims: Evidence on the association between passive smoking and risk
Introduction
Aortic dissection and aneurysm (aortic diseases) develop because of vascular damage to the aorta. The incidence of aortic dissection or aneurysm is much lower than those of stroke and coronary heart disease, but these aortic diseases are highly lethal. 1, 2 Therefore, the prevention of aortic diseases is highly warranted.
Cigarette smoking is a major cause of cardiovascular disease, including not only coronary heart disease but also aortic dissection and aneurysm. 3 A systematic review indicated that smoking had a greater impact on risk of aortic aneurysm than on coronary heart disease: the relative risk of aortic aneurysm associated with current smoking was generally 3 to 6, while that of coronary heart disease was generally 1 to 2. 4 Like active smoking, passive smoking is also considered to be harmful to health. 5 Many studies have examined the association between passive smoking and risk of coronary heart disease. 3, 5, 6 A meta-analysis of 29 studies evaluating the cardiovascular effects of passive smoking showed that the relative risk for coronary heart disease was 1.31 (95% confidence interval [CI], 1.21-1.41). 5 Similar results were obtained in earlier meta-analyses. [7] [8] [9] [10] However, to the best of our knowledge, no study has reported an association between passive smoking and risk of aortic dissection or aneurysm. Therefore, we 5 investigated the impact of passive smoking on mortality from aortic dissection or aneurysm in a large prospective study.
Materials and methods
The Japan Collaborative Cohort (JACC) Study 
Definition of baseline passive smoking status
We classified never-smokers by frequency of passive smoking status. In the questionnaire, we asked study participants about passive smoking in 2 situations: out of home and at home. The exposure time was asked if participants reported exposure to passive smoke almost every day at home. The average exposure time was 2.4 hours (median, 2 hours; mode, 1 hour).
As for passive smoking out of home, participants were classified as high-exposure passive smokers if they reported passive-smoking exposure out of home 
Statistical analysis
The sex-and age-adjusted mean values and proportions of selected cardiovascular risk factors according to smoking categories were assessed using analysis of covariance and the chi-square test. The sex-and age-adjusted and multivariable hazard ratios and 95%
CIs for aortic diseases were calculated using the Cox proportional hazards model. The confounding variables were age, sex, body mass index (quintiles), history of hypertension (dichotomous), alcohol intake category (never-drinker, ex-drinker, current drinkers of ethanol at 1-45 and > 45 g/day), perceived mental stress (low, medium, and software (SAS Institute, Cary, NC, USA). All P values for the statistical tests were 2-tailed, and P values < 0.05 were considered significant. Table 1 shows sex-and age-adjusted characteristics according to smoking status.
Results
Compared with the low out-of-home passive-smoking group, the intermediate and high
out-of-home passive-smoking groups were more likely to be younger; former smokers were older and current smokers were younger. The proportion of men was higher in the for the high passive-smoking group as compared with the low passive-smoking group was generally 1.8 to 3.5, although it was not statistically significant owing to the small number of cases.
The multivariable hazard ratios (95% CIs) of total aortic diseases for the current smokers as compared with the low passive-smoking group were 3.97 (2.14-7.39) for the out-of-home, 3.41 (1.84-6.32) for the at-home, and 4.09 (1.99-8.39)
for the out-of-or at-home combined passive-smoking groups. The multivariable hazard ratios (95% CIs) for the current smokers as compared with the low out-of-home passive-smoking group were 3.39 (1.43-8.00) for aortic dissection and 4.75 (1.87-12.06) for aortic aneurysm. The corresponding multivariable hazard ratios for the current smokers as compared with the low at-home passive-smoking group were 3.03
(1.26-7.29) and 3.91 (1.62-9.44), and those for current smokers as compared with the low combined passive-smoking group were 3.62 (1.33-9.83) and 4.58 (1.59-13.19).
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Discussion
We observed an excess mortality from aortic dissection or aneurysm among passive smokers. To the best of our knowledge, this is the first epidemiologic study to show a positive association between passive smoking and aortic diseases. While many studies revealed active smoking as a major risk factor of aortic aneurysm, 2,3,13 few have focused on the prospective association between smoking and aortic dissection. The present study clearly showed that active smoking was strongly associated with mortality from aortic dissection, which strengthened the finding from a previous case-control study of Japanese showing that active smoking was associated with risk of aortic dissection: the odds ratio (95% confidence interval) = 3.48 (1.58-7.66). 14 Taken together, these findings indicate that passive smoking may be associated with not only aortic aneurysm but also aortic dissection.
The passive smoking-aortic diseases association was more evident for out-of-home than for at-home passive smokers. One reason for this difference could be higher exposure levels to passive smoke out of home, most likely in the workplace. 15 The concentrations of passive smoke could be higher in the workplace than at home because there are likely to be more smokers in the workplace. In addition, the times of exposure to passive smoke should be longer at work than at home because the average showed a higher hazard ratio: 2.45 (1.02-5.88), suggesting that the effect of passive smoking is stronger for aortic diseases than for coronary heart disease. The effect of active smoking is also stronger for aortic aneurysm than for coronary heart disease, as
shown by a previous systematic review. 4 This finding suggests that smoking may impact on aortic diseases and coronary heart disease in different ways. Smoking induces atherosclerosis through lowering HDL-cholesterol levels and enhancing oxidation and inflammation, thereby fostering thrombotic cardiovascular events. 18 Aortic aneurysms 15 are thought to be a manifestation of atherosclerosis in general, but previous basic research and clinical studies have suggested that additional factors rather than atherosclerosis-related factors are probably involved in the development of aortic aneurysms. [2] [3] [4] 13, [19] [20] [21] For example, elastin degradation in the vascular wall mediated by proteolytic systems is one of the additional factors. 3, 4, 19 Cigarette smoking has the potential to increase the expression of these proteolytic systems and attenuate the activity of their inhibitors. 3, 19, 22 The limitations of the present study warrant discussion. First, the number of aortic disease cases was relatively small, although the present study has the largest epidemiologic cohort (involving 23,407 never-smokers) so far of studies examining the association between passive smoking and aortic diseases. Nevertheless, despite the limited number of cases, the associations were strong enough to be detected. Second, the information on passive smoking was obtained only at the baseline, so nondifferential changes in passive smoking status may have diluted the real association.
In conclusion, we found a strong association between passive smoking, especially that out of home, and mortality from aortic dissection or aneurysm. Our finding implies that the measures against passive smoking are important for the prevention of aortic diseases, as well as other cardiovascular diseases.
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 No study has reported an association between passive smoking and risk of aortic dissection or aneurysm.
 This is the first epidemiologic study to show that passive smoking is associated with mortality from aortic diseases.
 Preventive measures against passive smoking would be effective to prevent aortic diseases. The vertical and horizontal lengths of responses to the questionnaire were proportional to the proportion of the responses. 
